Moodle is an Open Source e-learning platform used by a large and stable community of users and developers for web based education. This paper analyzes the perceived quality of end users of such a platform. The analysis is done by using Partial Least Squares (PLS) regression, a second generation causal modeling statistical technique, and is aimed to provide a model that describes end users' perception on the platform described in terms of Usability, Functionality, Reliability, Efficiency, Quality in Use, Users Experience, and Usage Intensity. The investigation has been made on a sample of students that have used the Moodle for 6 months. The paper adopts an explorative perspective and aims to study the main factors that affect users' perception of quality.
Introduction
From 1995 onwards, Web-based education (WBE) has always been a relevant topic of scientific research. A quick search on the ScienceDirect repository, using "web based education" as a search key, produced a result of about 650 papers, 630 of which are published in peer reviewed journals. In most of the cases, such articles belong to medical and clinical journals which discuss the application of web based education techniques. Less than 50 works are published in journals that discuss human computer interaction or information systems related aspects.
Besides application of web-based education techniques, studies on specific tools adopted for e-learning are relevant too. This paper focus in this direction analyzing the final users' perception on the Moodle e-learning platform.
Moodle is an Open Source e-learning platform frequently used for web based education. Moodle can rely on a large and stable community of users and developers. According to the data publicly available on its website, Moodle is used in 210 countries with 45,504 registered installations, serving a total amount of approximately 30 millions users.
Open Source software in general, are frequently studied by scientific researchers [ 1] who acknowledge that Open Source software has a high impact on economic and social infrastructure [ 2] . On the basis of the assumption that Open Source Software development processes contribute to a better output in comparison to traditional ones [ 3, 4, 5] to investigate the adoption of Open Source based solutions in different fields [ 6, 7] . So far literature focused on the internal perspective of the usage of Open Source software, without taking too much into account the final user. Given the absence of specific studies on the Moodle e-learning platform, we retain these considerations valid for Open Source software in general, therefore they should be valid for Moodle too.
In this paper we therefore analyze end users' perception of the Moodle e-learning platform. We adopt Partial Least Squares (PLS) regression, a second generation causal modeling statistical technique, to analyze data gathered (with a survey) from a sample of Moodle users. The aim of this study is to identify the main factors that affect users' perception of its quality (in terms of Usability, Functionality, Reliability, Efficiency, Quality in use, user's experience, and usage intensity), deepening the understanding of the phenomenon that has been gained in a previous work of ours. In this analysis, the paper adopts an explorative perspective.
The article is structured as follows: after the research design, a brief literature review will describe the theoretical framework.
Afterwards the research hypothesis will be described, then the results of the PLS analysis will be introduced, followed by a discussion and a conclusion.
Research design
This research paper refers to a group of students (about 80 in total) of the University of l'Aquila. These students were enrolled in the Education Science master degree course, and they attended a course called "Computer Mediated Training".
This course addresses the impact of new media on traditional teaching methodologies. Among media studied, e-learning platforms are taken into account too. In particular, the Moodle e-learning platform has been used during the specific course.
All students have had access to the platform for the whole duration of the course (about 6 months). They were able to download/upload contents and to create contents in training courses: as a matter of fact, in the platform, they played the role of students and teachers in two different points of time.
The students used the platform to download the teaching material that the teacher distributed to them. They have, therefore, used the platform mainly as students. Anyhow, besides this, they have also had the chance to play the role of teachers inside the platform even if only in a specific course, created in the platform, called TIA_Lab (in the rest of this paper this course is referred to as TIAL).
A survey, to be administered to these students, has been created using the focus group technique. A small number of users (about 10% of the final sample size) has been interviewed to define the quality-related aspects perceived (according to them) as relevant. These aspects have been compared with those indicated in the ISO 9126 and ISO 25000 international software quality model standards. These two international standards posits that the most relevant quality-related aspects are the following: functionality, reliability, usability, efficiency, maintainability, portability. We therefore referred to these areas to classify the aspects that have been indicated by users as most relevant. Areas covered by the abovementioned standards focusing on structural and internal characteristics of software (ie: Maintainability and Portability) have been excluded from the survey on the basis of the assumption that the end user is not in the right position (for knowledge and stock of information) to judge such aspects.
The survey has been tested, to assess its clarity, with another small sample of Moodle users (different from the respondents).
The survey has been administered to respondents via Moodle. Each respondent had his own account in the Moodle e-learning platform which contained also the survey that had to be filled. Responses were automatically collected by the software.
Data collected with the survey have been analyzed with the Partial Lease Square (PLS), a second-generation causal modelling statistical technique. PLS has been adopted in this paper to describe the behaviour of the individuals included in the sample. Since in this research we aim at testing hypothesis based on multiple variables, the PLS technique has been chosen due to its advantages against other regression techniques. At first, PLS produces meaningful results even in the case of multicollinearity among independent variables, the presence o missing values, and the availability of only a reduced number of observations (compared to the number of x variables). This advantages perfectly suit our situations since the number of our observations is reduced (less than 100), and some of these observations contains missing values.
Secondly, PLS is reported to be well suited for highly complex predictive models [23] , and it is more appropriate for testing theories in the early stages of development [24] . Again, this suits our needs since we are studying end-users' perception of the Moodle e-learning platform for the first times. Our work is therefore in the early stage of theory development.
Theoretical framework
Open Source Software development has usually been based on the blurred distinction between users and developers. In traditional Open Source Software development process, users can easily turn into developers, contributing to the project by submitting a patch, writing a piece of code or doing other activities in support of the development. It can therefore be argued that the Open Source Software development process relies on the assumption that users and developers may converge. The diffusion of Open Source Software outside the development community contributes to sharpen the distinction between users and developers. As a result these two groups are no longer equivalent, and have become too different [ 9] . In the traditional
Open Source Software development process, users outside the community are hardly ever taken into consideration during the
development. For this reason, a major involvement of HCI (Human Computer Interaction) experts is required in Open Source
Software Development projects, as the interface design might not be treated with the same degree of openness that is used for the source code [ 9] .
This set of circumstances has contributed to increase the general interest on Open Source Software adopting an end user perspective. As a consequence, research on FLOSS usability, as seen from the end user perspective, is increasing (see for example [ 10, 11, 12, 13] ). More recently, much attention has been paid to flexibility, efficiency, robustness and effectiveness [ 10, 14] . Studies on users' perception on Open Source Software are anyhow quite recent and, at the best of our knowledge, no study seems to be available for the Moodle e-learning platform.
Traditionally, Open Source has been considered as a development process with a great chance to produce a successful piece of software due to the so called "Linus Law" [ 15] that synthesize the effect of the peer review process: "given enough eyeballs all bugs are shallow". This anecdotal assumption has been described by a predictive mathematical model [ 16] which states that OSS can converge to a bug free state even if the average programmers quality is lower than the one available in a traditional environment. Code inspection and statistical analysis of defect density have commonly been used to assess the quality of Open Source projects [ 17, 18] .
As a matter of fact, in a frequently cited IS success model [ 19, 20] , DeLone and McLean have highlighted that user's satisfaction is placed in-between the software (system), the quality and the benefits connected to its use. In an adapted version of the DeLone and McLean IS success model (specific for Open Source) [ 21] , Sang-Yong et al. identified that user's satisfaction is affected by the software's quality. Anyhow, recalling the possible differences between developers and users in the Open Source context, it is not granted that the software quality level is exactly the one that the users need and, at the same time, it is not even granted that this is the only relevant dimension for them. The internal characteristics of the Open Source Software might therefore be of high quality and respect high standards, but they might not be what the user wants, or desires, or, under a different point of view, the user might not be in the position to perceive and evaluate them. This consideration is still valid for the e-learning context, where the end user is defined in our case as the student who used the platform both as a student and as a teacher.
1 Research hypothesis
This research is based on a set of hypothesis covering two different aspects. The end users' satisfaction is investigated as a consequence of specific software quality characteristics and of the past experience of the user.
Many times Open Source software are seen from final users as more difficult to be used (mainly due to the absence of documentation, of specific customer care services, and of the differences in usage paths normally adopted in standard de facto software). We therefore hypothesize that the previous experience of Open Source, intended as its usage intensity, may affect end users' perception. The following hypothesis is therefore formulated:
H1: The intensity of usage of Open Source software affects end users' satisfaction.
In our specific context, the Open Source software that has been used is the Moodle e-learning platform (and the TIALab online course that was hosted in the platform used by students). Therefore the following two hypothesis are formulated:
H2: The intensity of usage of the Moodle e-learning platform affects end users' satisfaction.

H2b: The intensity of usage of the TIALab on-line course in the Moodle e-learning platform affects the intensity of usage of the Moodle e-learning platform.
The difficulties that end users find in the usage of Open Source software might be less relevant for expert users. Their specific stock of knowledge, measured by their stated intensity of PC usage, might allow them to more easily use those software, and to have a more fruitful usage experience. Therefore, we formulate the following hypothesis:
H3: The intensity of usage of PC affects end users' satisfaction.
Finally, the quality perception of the end users can of course be influenced by specific quality characteristics of the software adopted. To refer to quality characteristics of software we adopted the ISO 9126 international standard that describes software quality as composed by several dimensions: Functionality, Reliability, Usability, Efficiency, Maintenability, Portability, Quality in Use. Some of these characteristics are internal, and therefore difficult to be analyzed or assessed from the point of view of the final user. Other characteristics are instead external, since they are pertinent to aspects that the final user can perceive and judge. Focusing only on external characteristics, we therefore formulate the following hypothesis:
H4: The perceived Usability of the Moodle e-learning platform affects end users' satisfaction. H5: The perceived Reliability of the Moodle e-learning platform affects end users' satisfaction.
H6: The perceived Quality in Use of the Moodle e-learning platform affects end users' satisfaction.
H7: The perceived Functionality of the Moodle e-learning platform affects end users' satisfaction.
H8: The perceived Efficiency of the Moodle e-learning platform affects end users' satisfaction.
A summary and the relationships among all hypothesis are shown in Fig. 1. 
Results
Measurement Model
The evaluation of the measurement model has been made adopting the quality criteria produced by PLS. These are shown in tab. 1 and tab. 3 (in the Appendix).
Indicators and their loadings adopted to measure latent variables are shown in tab. 1 (last two columns). The loadings are supposed to be significant if they exceed the 0,707 criterion. Non significant indicators are indicated in boldface in the last column of tab. 1.
Tab. 1 also shows three indexes that contribute to asses the quality of the measurement model: Average Variance Extracted (AVE), composite reliability, and Cronbach's Alpha. The Average Variance Extracted (AVE) reflects the average communality for each latent factor and is used to establish convergente validity: AVE should be greater than 0.5 [23, 25] .
Cronabch's Alpha is a measure of internal consistent reliability: a value grater than 0.60 is good enough for exploratory purposes. Composite Reliability, is also a measure of reliability (preferred to Cronbach's Alpha since the latter is biased against short scaled): like the Cronbach's Alpha, a value grater than 0.60 is good enough for exploratory purposes [23, 25] .
Tab. 3 shows the factors cross loadings. In an ideal model, expected loadings (those between indicators and measures) will be strong, while cross-loadings will be weak.
The r square for the model turned out to be 0,74 (strong) for the Satisfaction construct, and 0,11(weak) for the Use_Moodle construct.
Structural Model
After having assessed the validity of the measurement model, the test of the structural paths in our model has been done using PLS. All the answers to the survey were used to form a sample that has been adopted to test the hypothesis we identified. To estimate signs and significance of the path coefficients we adopted a bootstrapping technique. The test has been done at 5%
of significance with one-tailed t-test.
PLS produces no goodness indicators, therefore we adopted the amount of variance explained in the endogenous construct (Satisfaction) as an indirect assessment of the explanatory power of the structural model. Tab. 2 shows the path coefficients for the structural model, both for the direct effect (where each latent variable directly affects the one(s) it is related to), and the total effect (where each latent variable directly affects the one(s) it is related to and the endogenous construct "Satisfaction"). In Tab. 2, values in the "t Statistics" column that are shown in boldface are related to supported hypothesis (both for the direct and for the indirect effect). Tab. 2 therefore shows us that, as per the direct effect, Functionality, Quality in Use and the previous use of Moodle positively affects the perceived Satisfaction. The direct effect also shows the obvious consideration that the usage of the TIAL course (a special course created in Moodle for the students taking part into this survey) affects the Use of Moodle.
Neverthless, the total effect shows that, excluding the obvious result that has just been discussed, the only hypothesis supported are the one connected to Functionality and Quality in Use.
Discussion
This study analyzed perceived customers' satisfaction of the Moodle e-learning platform adopting a multi-variable model.
The model described in the text is capable of explaining 73,73% of the variance of the sample, therefore we consider it as quite good in describing the sample. Some further considerations can be formulated concerning the model. Anyhow, as already cited, Cronbach's alpha is biased against short scale (this is exactly our case, since we adopted a 4 points scale). Therefore, for these measures, we decide not to pay attention to Cronbach's alpha since the Composite Reliability index (who alos measures reliability and does not suffer from the bias problem) is satisfactory for exploratory purposes.
Adopting a "lessons learned" perspective from the analysis that has been made so far, we believe that the indicators that were not satisfactory have to be discarded from the model, and have to be replaced with different ones. We mainly used the ISO 9126 international standard description to derive the indicators for the quality dimensions. In further research this approach has to be withdraw and indicators have to be gathered in a different way.
Regarding the test of the hypothesis, the only supported hypothesis are those that posits a correlation between Functionality and Satisfaction (H7) and between Quality in Use and Satisfaction (H6). In both cases the correlation turned out to be positive. The hypothesis that the usage of the TIALab course affects the usage of the Moodle e-learning platform is of no great relevance since it is an obvious result.
According to the results of our sample, quality perception of final users seems to be affected only by functionality and quality in use. These results can be seen to be intuitive, since final users are most likely to perceive external aspects of the software,
and functionality and quality in use are both external aspects. Anyhow, according to us, it is interesting to notice how final users perceive as relevant only a subset of external aspects of the software. were not satisfactory.
Conclusion
This paper introduced an explorative study on the Moodle e-learning platform seen from the perspective of the final user. In this paper we applied a second-generation causal modeling technique to analyze how end users perceive usability and quality of the specific e-learning platform. We therefore proposed a model that describes antecedents of end-users satisfaction.
Our study shows that, among the set of hypothesis that compose the model, only Functionality and Quality in Use result validated in our sample, indicating that there is a positive correlation between satisfaction, on one side, and functionality and quality in use on the other. Translated into practice, these conclusion suggests that final user feel themselves satisfied with the e-learning platform if the platform offers functionalities that are accurate, useful, and show a proper degree of security. At the same time, such features need to allow the final user to reach his objectives in a productive and an effective way.
No useful information are available on whether previous experience with other software (both Open Source and not Open Source) affect end users' perception. This is mainly due to some limitation of our measurement model, and in particular to the inadequateness of some indicators of our model. Therefore, a revision of the model will be necessary to investigate also this other area.
Since this paper is based only on the Moodle e-learning platform, the results of the research are valid for this platform only.
Besides Moodle there are others e-learning platforms, both Open and Closed source. We therefore do not claim to extend the results of this study to every platform. Anyhow, the research model adopted in this paper could be applied to others eleraning platforms too (no matter whether they would be Open Source or not). In future research, once the measurement model would be improved to overpass the limitations that have been highlighted in this paragraph, we could think to apply it to others e-learning platforms to develop a theory of end users' perception. 
